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INTRODUCTION :  Lake Greenwood, South Carolina, is a eutrophic body of water that 
is the major source for drinking water for the City of Greenwood and other areas.  It also 
is the location of significant and rapidly growing residential development, as well as 
provides recreation in the forms of boating, fishing, camping and other outdoor activities.  
A State Park and several marinas and lake-associated businesses are located around the 
lake shore.  A small hydroelectric power station also provides power on occasion, as 
needed.  Significant wildlife habitat is also characteristic of parts of the shoreline 
environment. 
 
Hydrology:  Two larger rivers, the Saluda River and Reedy River, provide most of the 
water for the lake.  Since 1940, the mean average flow for the Saluda River near Ware 
Shoals was approximately 973 cfs (cubic feet per second).  For the Reedy River near 
Waterloo, SC, the station nearest the lake entry point, the mean average flow in 2006 was 
230 cfs.  Earlier annual data were not available for this station on the USGS site.  For 
reference, the mean average flow across the dam tailrace at Chappelle since 1996 was 
1,405 cfs.   Rabon Creek, mean average flow of 35 cfs over the period of record near 
Graycourt, and many smaller, local streams also provide a source of surface water flow to 
the lake. 
 
Lake Greenwood receives drainage from its catchment of 1,170 square miles.  Most of 
this land consists of rolling rural topography with agriculture, tree farms and forest.  
Much of the urban and suburban land in the vicinity of Greenville, SC lies within the 
catchment, or drainage basin. Rapid growth in that area of the drainage basin provides a 
major basis for concern about the quality of water in the Saluda and Reedy Rivers in 
general and Lake Greenwood in particular.  The impact of urban and suburban 
development in the upper part of the watershed on water quality has been the subject of 
several significant studies. 
 
There is also much dense rural and suburban development around the lake shore, itself.  
For example, a quick examination of the lakeshore using Google Earth on August 13, 
2007, revealed more than 4,000 housing structures, including trailers, within a few 
hundred feet of the shore, itself.  Most of the housing around the lake makes use of on-
site wastewater systems (OSWS), with only a few areas covered by sewer lines.  Some of 
the neighborhoods around the lake were constructed more than 30 years ago.  This has 
lead to a concern that failed OSWS may be impacting water quality within the lake. 
 
Water quality:  Water quality challenges identified within Lake Greenwood include 
exceedances of the SC standards for total phosphorous (0.06 mg/L), occasional pH 
excursions (decreasing pH), and anoxia in deeper waters of the lake, especially during 
late spring through early fall.   Increased phosphorous concentrations have been related to 
algal blooms, which tend to occur seasonally in the early spring and late fall in the upper 
reaches of the lake (McKellar and Bulak, 2005). 
 
Phosphorous does not pose a potential risk for human health at the low concentrations 
found in South Carolina waters.  Rather, it is a nutrient that often limits the growth of 
algae, cyanobacteria (blue green algae) and aquatic plants.  At concentrations of 0.01 
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mg/L, phosphorous is optimal for the growth of algae and cyanobacteria, causing blooms 
to appear on or near the water surface.  In South Carolina, the regulatory limit is 0.06 
mg/L, to protect aquatic ecosystems.  Algae and cyanobacteria blooms are of concern 
because they tend to lead to oxygen limited conditions in the water column.  Also, some 
species are known to release toxins.  Although toxic forms have been documented in 
Lake Greenwood water samples, they have not been found in sufficient numbers or 
density to be of concern (McKellar and Bulack, 2005). 
 
pH values outside of a range of values can damage aquatic organisms.  Classification 
specific values have been identified for waters in South Carolina.  For freshwaters, which 
are suitable for recreation, fishing and as drinking waters after treatment, the pH standard 
is between 6.0 and 8.5 standard units.  Values higher of lower than that range do not meet 
the standard. 
 
Anoxic conditions are defined as those in which the dissolved oxygen content of the 
water is less than 1 mg/L.  Low oxygen values are harmful to aquatic life, which includes 
most forms except for species of anaerobic microorganisms.  For fresh waters, the 
minimum standard for dissolved oxygen is 4.0 mg/L.  This is not feasible for Lake 
Greenwood, a eutrophic water body in which anoxic conditions are quite common, 
especially in the summer and at deeper levels of the lake.  In late spring through early 
fall, the lake is stratified, which a layer of warm, relatively oxygen rich water on top 
separated by cooler, oxygen poor water at depth.  Mixing is prevented by a thermocline, 
in which water temperature decreases with depth and in which its density increases with 
depth.  This separates the less dense, wind mixed layer of water from the more dense 
deep water.   
 
The significance of potential contamination of Lake Greenwood water by OSWS is 
unknown, which provided the incentive for the study described in this report.  
Contaminants that may originate with OSWS that could impact surface water quality 
include nitrate, phosphorous, pathogens and occasionally other organic compounds.  
Contaminants may reach surface water by three mechanisms, 1) overland flow of water 
containing contaminants to a surface water body form hydraulically failed systems, 2) 
subsurface migration of contaminated groundwater to surface water, 3) contaminated 
water transport to surface water by pipes or drains, including trench drains. 
 
In the first case, water rises to the surface in failed systems because such systems are 
unable to handle the volume of wastewater introduced.  Such failure could have several 
causes (SCDHEC 1999; Northwind, 2007).  This water, then, may run off toward a 
nearby stream or other water body. 
 
In the second case, infiltrating water from the septic system drain field containing 
contaminants may migrate to the groundwater table, resulting in contaminated 
groundwater.  This groundwater may migrate until it discharges into local streams or 
other bodies of water such as the lake. 
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In the third case, contaminated water from the drain field or on the surface may be 
directed to surface water bodies by artificial means without treatment.  This is not 
common practice, but does occasionally happen as homeowners deal with failed systems 
or to prevent future system failures.  Such features may discharge into a local stream, 
which then may discharge into the lake, or they may directly discharge into the lake 
whether on the surface or at some depth, in the case of a buried pipe. 
 
In considering the potential for OSWS failure and subsequent impact on lake water 
quality, there are a variety of factors to consider.  Some of these factors include: 

¥ Distance of systems from shoreline or discharging stream 
¥ Topography 
¥ Soil type and relevant properties (hydraulic conductivity, porosity, texture and 

structure, organic matter content, cation exchange capacity (CEC), mineralogy) 
¥ Unsaturated soil depth  
¥ Vegetation cover 
¥ Local bedrock geology in case of shallow soils 
¥ Local hydrology (rainfall, runoff, infiltration, water table elevations and 

gradients) 
¥ Location of groundwater discharge to the lake 
¥ Lake levels (vary seasonally) 
¥ Housing density and occupancy 
¥ Age of systems 
¥ Construction details of systems (depth, buffer, placement of drain field, etc.) 
¥ Maintenance history of systems 

 
Each of these factors is discussed briefly, below. 
 
Distance from receiving water body:  In general, the closer the source of contamination to 
a receptor, the greater is the probability of impact on water quality.  Systems located 
closer to the lake shore or a discharging stream, all other factors equal, are more likely to 
have impact on surface water quality.  With shorter travel distances, there is a smaller 
opportunity for contaminant attenuation by dilution or other mechanisms such as 
adsorption to soils or biodegradation.  In South Carolina, OSWS are required to be at 
least 50 feet from the nearest receptor.  If water table depths are sufficient, this is 
considered a safe distance, in general (SCDHEC, 1999) 
 
Topography:  The influence of topography can be complex.  Under water table 
conditions, the direction of groundwater movement is generally in the direction of the 
land slope.  Also, drainage tends to be quicker on steeper slopes.  Flat land surfaces, 
swales or depressions may collect surface water flow, which may also increase the 
opportunity for hydraulic failure, should the system be installed in such a location. This is 
because, should surface water collect over an OSWS, it is likely to percolate, causing 
overloading of the system and groundwater mounding.  Groundwater mounding 
decreases the vertical separation between the bottom of the system and the groundwater, 
thus increasing the probability that groundwater be contaminated by constituents in 
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percolating water from the drain field.  In looking for locations with potential failing 
systems, then, flat land surfaces, swales or depressions are candidates. 
Soil type and characteristics:  In general, soils that work best for OSWS performance are 
those that have a mixture of sand, silt and clay, which are classified as loams.  Soils that 
drain too readily, such as sandy soils, allow water to drain from the systems with 
relatively little treatment effected on the effluent.  Systems installed in soils that drain 
poorly, such as those containing an abundance of clay, are more likely to experience 
failure, because the effluent may drain away more slowly than it is applied.  This is 
especially true during periods of high precipitation. 
 
Unsaturated soil depth:  The vertical separation between the bottom of the OSWS drain 
field and the top of the water table is an important design characteristic.  In South 
Carolina, the basis requirement is a vertical distance of 6 inches between the bottom of 
the OSWS drainage field and the highest annual water table elevation.  There has been 
some question as to whether 6 inches is sufficient, and 18 inches is considered a more 
suitable minimum number (SCDHEC, 1999).  The greater the vertical separation between 
the water table and the bottom of the drainage field, the higher is the expected degree of 
treatment by the soil prior to the effluent reaching the water table.  
 
Vegetation cover:  the effects of vegetation are potentially complex.  Vegetative cover 
tends to allow surface soils to be better drained.  A lawn that is greener over the OSWS 
than the other portions of a property may indicate conditions near failure.  The same is 
also true for the occurrence of vegetation more typical of wet conditions or nearly 
waterlogged soils that surrounding property.  Large, nearby trees indicate the potential for 
tree roots to clog part of an OSWS.  This is a common cause of failure for older systems.   
 
Local bedrock geology:  In parts of the Lake Greenwood vicinity, bedrock may occur 
quite near the surface of the Earth.  The nature of this bedrock can affect the potential for 
contaminated shallow groundwater to impact lake water quality.  Bedrock permeability, 
the nature of the bedrock surface and occurrence, frequency and orientation of fractures 
in the bedrock all influence shallow groundwater flow.  This factor was not considered in 
detail in this study, mainly because such information was not available without 
significant additional fieldwork. 
 
Local hydrology:  The local hydrology is a major determinant of the performance 
characteristics of OSWS, as well as what happens to contaminated groundwater.  
Especially important is the distribution and intensity of precipitation, the major input of 
water into the area.  
 
Location of groundwater discharge into the lake:  the length of the groundwater flow path 
into the lake influences the input concentration of contaminants into lake water.  The 
longer is the flow path, the greater is the expected amount of contaminant attenuation 
through processes such as dilution, sorption, biodegradation or chemical interactions.  
Groundwater flow paths are generally curvilinear.  The locations of actual groundwater 
discharge points are largely unknown, but could be near the shoreline at shallow depths 
or could be near the base of former stream channels, in deeper parts of the lake, 
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especially in coves.  In the former case, flow distances and travel times from points of 
entry of water contaminated by OSWS are shorter than in the latter case.  Both 
possibilities for the locations of groundwater discharge were considered in the 
determination of the scope of the field sampling program. 
 
Lake levels:  Lake levels are artificially controlled and vary seasonally.  Water levels, in 
general, are highest in the summer (439 ft. MSL, NGVD 1929) and are the lowest in the 
winter.  Seasonal water level changes are approximately 4.5 feet (Figure 1).  Extreme 
precipitation events, such as might be caused by hurricanes, may lead to temporary 
changes in lake levels of up to about 1 foot (McKellar and Bulak, 2005).  Lake levels are 
important because they determine the hydraulic gradient of groundwater.  All other 
factors equal, steeper hydraulic gradients lead to more rapid groundwater flow.  Under 
unusually dry conditions, lake water can recharge groundwater.  In this case, groundwater 
does not flow readily into the lake.  Considering this seasonal pattern for lake levels, all 
other factors equal, one would expect groundwater discharge rates to the lake to be 
highest during the winter, when lake levels are lowest, and hydraulic gradients are 
expected to be the steepest. 
 
Housing density and occupancy:  The importance of this factor is intuitive.  The greater 
the housing density in neighborhoods served by OSWS and the higher the occupancy in 
such neighborhoods, the greater is the expected loading of effluent to the OSWS.  This, in 
turn, increases the opportunity for contamination of groundwater and surface water into 
which effluent discharges.  In the Lake Greenwood vicinity, occupancy patterns tend to 
be seasonal, with higher occupancy rates in the summer.  Many of the homes along the 
lake shore are vacation homes, though a significant number are occupied year round.  The 
highest housing densities appear to occur in older neighborhoods and trailer parks. 
 
Age of systems:  Older systems, especially those older than about 25 years, have a higher 
probability of failure.  This is true because clogging of the system with sludge or the 
development of a more extensive clogging mat is more likely in older systems.  Also, 
clogging of systems with tree roots tends to occur in older systems as trees grow.  In the 
Lake Greenwood vicinity, quite a few neighborhoods are older than the mid-1970Õs. 
 
Construction details of systems:  More recent OSWS tend to be constructed according to 
the state requirements.  As a general rule, systems constructed according to the standards 
perform well.  Yet, mistakes may occur.  For example, construction details may not be 
appropriate to the actual soil conditions on-site.  Also, faulty construction such as leaking 
pipe joints may occur.  Also, increases in the number of occupants of a housing unit or 
addition of other units to a single system may result in overload if the system is not 
appropriately upgraded.  
 
Maintenance history of systems:  OSWS require periodic maintenance if they are to 
remain effective over the long term.  Poorly maintained systems are, of course, more 
likely to fail.  OSWS need to be pumped out every few years, depending on their loading 
rates, to prevent the depth of sludge from increasing to the point that the solids enter the 
drain field and cause clogging.  It has been recommended that OSWS be inspected 
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annually, and that, should annual inspections not occur, that a system be pumped out at 
least as frequently as once every five years (SCDHEC, 1999).  It is likely that many 
residents do not go through the trouble of implementing regular maintenance activities 
and maintain their systems only after experiencing problems such as backed up sewage in 
their pipes, wastewater on the surface of the ground above the tank or drain field or 
ÒsepticÓ odors emanating from their property.  The SCDHEC, the state agency 
responsible for OSWS, is, in general, unaware of the needs for system maintenance 
unless a neighbor complains or unless a specific survey is being conducted (SCDHEC, 
1999).   
 
Many of the above factors were considered in the design of the sampling program in the 
field.      
 
PURPOSE:  The purpose of the work summarized herein was to determine whether 
there was any measurable impact on lake water quality resulting from failing on-site 
wastewater systems (OSWS).   
 
APPROACH:  A phased approach was taken for this program.  This was a necessary 
approach because results, in some cases unexpected results, of each phase led to the 
design and implementation of the following phase of the work.  The first phase was to 
identify locations along the lakeshore that had a high potential for the occurrence of 
failing OSWS, preferably with a high system density, collect and analyze lake water 
samples near these locations.  Available information and field reconnaissance were used 
to identify these locations.  A second sampling and analysis event was pursued to confirm 
any significant results from the first field sampling that indicated the potential for impact.  
This was considered necessary because aspects of lake water chemistry are expected to 
change with season and different flow conditions.  The first phase of the work was 
completed during the 2005-2006 project year. 
 
The second phase was to examine whether incoming local streams may be influenced by 
OSWS.  Because there are a significant number of streams, only a few were selected for 
the investigation.  The scope of this second phase we determined based on the results of 
earlier field reconnaissance work and sampling and analysis on the lake. This second 
phase was completed during the 2006-2007 project year.  
 
The third phase was to, if possible, develop an analytical method that measured an 
analyte(s) was(were) a surrogate of human contamination that was relatively inexpensive, 
rapid in turnaround and which did not require a high degree of training by users of the 
method.  If such a method was developed, then it would be used as a screening tool in a 
final phase.  This phase was completed in the 2006-2007 project year. 
 
The detailed procedures used in each phase are described below. 
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OBJECTIVES AND METHODS  
 
Phase 1: Locating areas about Lake Greenwood Impacted by OSWS (2005-2006) 
 
Specific objectives were: 

1. Identify locations along the Greenwood County side of Lake Greenwood with 
potential for occurrence of significant incidence of failing OSWS.  

2. Determine whether measurable impact on lake water quality occurs at the 
selected locations.  

3. Characterize more fully any impact that may be identified to confirm its origin. 

The first phase was completed in three tasks.  The first was field reconnaissance from 
land to locate areas in which lake water quality may be impacted by failing OSWS.  The 
second task was to collect and analyze water samples at five (5) or more locations, per 
the work plan for the subtask.  The third task was to sample and analyze one selected 
location in more detail.  Details of each of these work phases follow. 

Field Reconnaissance 

Prior to entering the field, information provided by Northwind was examined, along with 
aerial photographs available online at terreserver.com.  Photographs from 1999 (color) 
and 1994 (black and white) were available at resolutions suitable for examining the 
shoreline for structures, vegetation, and surface drainage features such as streams and 
ponds.   

Field reconnaissance consisted of touring the Greenwood County side of the lake in a 
vehicle.  All observations were made from public roadways.  Notes were made of the 
relevant observations in a field notebook.  Photographs were taken to assist with location 
selection.   

The following criteria were used to identify locations (neighborhoods) with a high 
potential for the presence of failing OSWS that may impact lake water quality in a 
measurable way: 

1. Locations along cove (embayment) shorelines.   

2. Older neighborhoods, ideally with many households that predate 1974. 

3. High housing density. 

4. Housing structures near the shoreline, preferentially within 100 feet. 

5. Relatively poor property maintenance based on visual inspection. 

6. Land sloping relatively steeply toward the lake.  

None of the neighborhoods that were investigated were served by sanitary sewer systems 
and relied on OSWS. 

Data on the ages and other pertinent information of the neighborhoods was provided by 
Northwind, Inc. via personal communications and a map that identified neighborhoods by 
age as well as locations of sewer lines.  The focus of the study was along the Greenwood 
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County shoreline because of the availability of relevant data, versus a relative paucity of 
data for the Laurens and Newberry County shorelines (Pinnacle Group, 2005)   

It was decided to focus on coves, rather than the main body of the lake, so that the 
relatively small inflows of impacted water, if any, would not have been diluted to as large 
a degree by the large amount of water in the lake derived from major stream inflow.  
Also, there may be less flow and mixing in coves than in the main part of the lake, 
especially during drier periods.  In this way, water quality samples would be biased to 
locations with a relatively high potential for being impacted by OSWS. 
 

Water Sampling and Analysis, First Event 

In this first sampling and analysis event, sample locations were as near to the shoreline as 
was practicable and adjacent to older homes, trailers or manufactured housing located 
near the shoreline.  Control (background) samples were also collected along relatively 
uninhabited shorelines and near the entrance of the coves to the main portion of the lake.  

 Water samples were collected using a horizontal PVC water sampling bottle with a two 
(2) liter capacity (Wildco).  The water bottle was gently lowered over the side of the boat 
to avoid stirring up sediment, and samples were collected by dropping a steel messenger 
while the sample bottle was located just above the interface between the bottom sediment 
and the water column.  In general, the depth of the water column was less than five (5) 
feet in this sampling episode.  

Samples were transferred from the sampling bottle to 500 ml plastic sample bottles, 
headspace free, and stored in coolers on ice until transfer to the laboratory.  Also, aliquots 
were taken for measurement of field analytes (temperature, pH, ORP (oxidation-
reduction potential)) using a hand-held field pH meter (Mettler Toledo, Model MP 120). 
The meter was calibrated according to manufacturerÕs instructions once before each field 
excursion, with calibration checked in the field, as necessary (at least twice during the 
sampling event). 

Approximate depths of sampling were determined with an Eagle Ultra depth finder, 
installed at the back of the boat (Corixa).  These depth readings were calibrated against 
those obtained from a marked rope attached to the horizontal sampling bottle.  Sample 
locations were recorded by GPS (Magellan model GPS 315) using the UTM coordinate 
system.  

Laboratory analytes were nitrate, ammonium ion and chloride, measured using ion 
specific electrodes (Vernier).  Orthophosphate was measured via EPA method 365.3.  
Orthophosphate was measured first.  Nitrate, ammonium ion and orthophosphate are the 
three nutrient parameters of interest that may indicate impact to lake water quality.  
Chloride was selected although it was expected to remain well below levels of potential 
impact on lake water quality, because it may be a useful indicator of OSWS discharge 
versus other sources of the nutrients (McQuillan, 2004).     

Water Sampling and Analysis, Second Event 

The second sampling and analysis event focused on a single location and was planned 
based on the results of the first event.  Detailed sampling of the lake near Cobb/White 
Subdivision was implemented.  This included two horizontal cross sections perpendicular 
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to the shoreline along the lake bottom, one horizontal cross section along the deepest part 
of the channel in the cove, and one vertical cross section at a mid-channel location in the 
cove.  At four sample locations, one sample was taken at the bottom of the water column 
and a second sample was taken at shallow depth.  Two samples were taken in the vicinity 
of a small, shallow tributary to the cove.  All other methods were the same as discussed 
for the first event. 

Data Interpretation and Analysis 

Water quality data were compared amongst samples to determine whether there were any 
significant differences among the spatially distributed samples.  Sample results were also 
compared with those obtained from control (background) samples collected near the main 
lake channel and in locations along sparsely populated shorelines in coves, where it was 
believed that OSWS impact was expected to be minimal as compared to the selected cove 
locations.  Correlation coefficients between selected pairs of water quality parameters 
were made, as well as correlating depth with selected analytes. 
 
Phase 2:  Investigation of Local Streams as Source of Impact on Lake Water by 
OSWS (2006-2007) 
 
Specific objectives of this phase of the work were: 

1. Determine whether selected streams entering Lake Greenwood may be impacted 
with relatively high nutrient concentrations. 

2. If impacts found, determine whether the impact may be due to OSWS 

The rationale for a focus on streams entering the lake were based on three factors, 1) 
results from the lake itself were either negative or inconclusive for impact with nutrients 
and 2) earlier field reconnaissance indicated that some older neighborhoods may contain 
a significant number of properties in which potentially contaminated groundwater could 
be draining into the local stream, rather than directly toward the lake and 3) local streams 
drain smaller areas that the lake, itself and are groundwater fed, especially during 
baseflow conditions.     

In each case, most samples were collected directly into HDPE bottles that were 
submerged into the stream or lake water and stored on ice, prior to transfer to the 
laboratory.  Where samples were taken from bridges or other elevated sampling 
platforms, samples were collected using a horizontal PVC water sampling bottle with a 
two (2) liter capacity (Wildco).  The water bottle was gently lowered over the side of the 
bridge or other sampling platform to a depth of not more than 1.0 meter below the water 
surface, and samples were collected by dropping a steel messenger while the sample 
bottle was located at the sample depth. 

In this phase, a total of 23 locations were sampled over three sampling events 
(11/11/2006, 11/18/2006, 3/21/2007, and 6/8/2007).  As described for phase 1, field 
analyses for temperature, pH and ORP were completed.  For the last two sampling 
events, analysis of total dissolved solids (TDS) was added as a field parameter.  TDS was 
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measured using a direct read meter (Oakton, TDS Testr 1).  Laboratory analytes were 
nitrate, ammonium ion and chloride (chloride was not analyzed during the last event 
because previous data for chloride were not useful regarding the goals for the study), 
measured using ion specific electrodes (Vernier).  Orthophosphate was not analyzed 
during this phase of the work because of the negligible concentrations measured during 
Phase 1. 

The selection criteria for stream locations were as follows: 

1. Accessibility of location such as near bridges.  Locations on public right-of-ways 
were preferred. 

2. Locations adjacent to or immediately downstream from dense, older 
neighborhoods. 

3. Sufficient water flow for sample collection. 

4. Visible indications of contamination such as color, sheen or foaming, if any. 

5. Several locations selected in more isolated areas for comparative samples. 

Data were collected, analyzed and interpreted in a manner similar to that used for the first 
phase. 

Phase 3: Develop, if possible, an analytical method for determining whether a 
sample was likely impacted by OSWS 

The basic water quality parameters used in the previous phases of the work are indicators 
of general water quality, but impacts could have several sources.  It is desirable, then, to 
identify an analyte or analytes that are specific to impact from human waste, especially 
OSWS, and develop a reliable, cost effective method for detecting or measuring that 
analyte(s).  This phase of the work was to be conducted in three tasks, 1) conduct a 
literature review of methods that have been used to identify impacts on surface water 
quality by OSWS, 2) develop a method in the laboratory that meets the objectives of the 
study, 3) apply the method to lake and/or stream water samples. 

The literature review was completed online from several literature databases. 

The method selected for development was the use of UV/fluorescence detection of 
whitener agents.  Initial method development included 1) defining optimal absorption/ 
emission wavelengths of a product containing a whitener, 2) determination of minimum 
detection limits in deionized water, 3) determination of detection limits in natural water 
samples, 4) checking method for repeatability of results. 

In the third task, samples collected from different locations on the lake were used to 1) 
characterize samples with respect to their fluorescent properties to determine whether 
samples could interfere with results, 2) using spiked samples, determine the sensitivity 
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and reliability of the method, and 3) conduct experiments to improve on the method or to 
test the validity of the method. 

In this last task, the potential interference by suspended sediment or dissolved organic 
matter in samples on the results of applying the method was investigated.  Both of these 
are expected to vary in space and time in the lake and streams.  

Fluorometric methods.   Fluorometric data were collected using, a model IEEE-488 
Varian, Inc. Fluorescence Spectrophotometer.  Fluorometric standards and stock 
solutions were prepared by diluting samples of a liquid laundry detergent product (ALL, 
all brilliant whites and colors) in deionized water.  Stock solutions and standards of the 
product in a refrigerator at 4oC prior to and between uses.  Samples and standards were 
placed in a 1 cm optical pathway cuvette (Fisher Scientific) for each measurement.  The 
cuvette was rinsed with deionized water between each measurement.  

The light source was a xenon flash lamp.  Unless otherwise specified, the following 
general instrument settings were used for scans and single and multiple wavelength 
readings: 
 
 Excitation slit:  5 nm 
 Emission slit: 5 nm 

Excitation filter:  Auto 
Emission filter:  Open 
Scan speed (for scans only):  Medium 
Average time for individual wavelength readings :  0.1000 sec 
Detector voltage: Medium setting  

In conducting methods development, a variety of scans, single wavelength and multiple 
wavelength readings were conducted.  In the first set of tests, the absorption and emission 
wavelengths that gave the strongest responses to the product were determined.  In most of 
the work otherwise, multiple wavelength readings were used because of the probability of 
interference from natural organic matter in samples.  Scans were also used to determine 
the fluorometric response of natural water samples as compared to the product. 

After a method was developed that showed a good response for the product dissolved in 
deionized water, the MDL, in terms of dilution factor for the product, was determined.  
The actual whitener concentration in the product was unknown, so measurements in 
terms of DF were used.  

Once the instrument response to different product concentrations in deionized water was 
characterized, stock solutions of the product were spiked into samples of lake water.  
Early results on these tests suggest that interference was likely, so that work was 
performed in attempts to correct for the interference, primarily by subtracting blanks 
fluorometry data from spiked sample instrument responses. 

The fluorescent properties of lake water samples collected at different locations were also 
examined in scans and multiple wavelength readings to determine whether there was a 
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method that can be used to eliminate significant interference from natural water and 
allow significant response from the product.  

Finally, the effect of suspended solids and extract from sediment on fluorescence in blank 
and spiked samples in deionized water was determined in an effort to understand the 
likely fate of the product in lake water. 

In studying the effect of suspended sediment, different quantities of fine lake sediment 
collected previously (October 2004) from the Saluda arm of Lake Greenwood were added 
to deionized water into 250 ml Erlenmeyer flasks.  Half of the samples were spiked with 
DF=1:1000 or (10-3) of the product, while the other half of the flask contained only 
deionized water.  The following amounts of sediment were added to 100 ml of either the 
spiked solution of deionized water, 10g, 5g, 2g, 1g, 0.5g and controls with no sediment 
added.  

The 250 Erlenmeyer flasks were placed on an orbital shaker at 160 rpm for one hr.  The 
suspensions were decanted and centrifuged at 8,000 rpm for 10 minutes to removed 
suspended particles.  The liquid was then extracted from the 50 ml plastic centrifuge 
tubes into 50 ml glass bottles.  The liquid samples then underwent fluorescent analysis 
with an excitation wavelength of 360 nm and emissions wavelengths of 414, 432, 457 
and 504 nm.  These were the optimum values determined for the product dissolved in 
deionized water. 

Instrument response was correlated with the concentration of suspended sediment added, 
and also compared with standards of the product dissolved in deionized water. 

In a second experiment investigating dissolved matter derived from lake sediment, 
sediment extract was prepared as follows.  25g of fine sediment collected from the  upper 
Saluda arm of Lake Greenwood was suspended in 300 ml of deionized water in a 500ml 
Erlenmeyer flask.   The flask was placed on a reciprocating shaker table at moderate 
speed for approximately 1.5 hr.  The sediment was allowed to settle for 30 days.  The 
material was decanted and centrifuged at 8,000 rpm for 10 minutes to remove any 
material that may have been resuspended during decanting or remained in suspension. 

Soil extract was added in different concentrations to deionized water to 50 ml aluminum 
foil covered glass bottles.  The bottles were spiked to a final concentration of DF=10-3 
stock solution of the product dissolved in deionized water.  The stock was prepared by 
adding 5 ml of the product to 995 ml of deionized water.  10 ml of the stock was added to 
each 50 ml bottle immediately prior to analysis by fluorometry.  Several bottles were not 
covered with foil, to test the degree to which photodegradation of the product may be 
occurring.  Photodegradation was likely based on observations in previous experiments.  
In this study, photodegradation refers to a measurable decrease in instrument response 
over time in the fluorometer.   

Instrument response was correlated with sediment extract concentrations.  Also 
photodegradation was monitored over a period of at least 2 hours. 
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RESULTS 

Phase 1: Locating areas about Lake Greenwood Impacted by OSWS (2005-2006) 
 

Field Reconnaissance 

Several candidate locations were identified as the result of the field reconnaissance, based 
on the selection criteria listed above, in the methods section.  The following is a brief 
description of each selected neighborhood, described in order from up-lake to down-lake 
(NW to SE).  Areas that were visited on the reconnaissance but not selected for sampling 
are note described in this report.  Note that the results indicated herein are consistent with 
those reported in Northwind (2007). 

Ligon Subdivision.  The first candidate neighborhood was identified on the map 
provided by Northwind as the Ligon subdivision.  It is located on both side of Ligon 
Road, which runs north of state highway 246 and west of Old Laurens Road (state 
highway SSR 39).  The neighborhood originated largely in the period 1962-1973, based 
on the available data. 

The topography in and near the Ligon subdivision is steep and dissected.  Three small 
coves into which streams discharge are located in this area.  Into the middle cove 
discharges Camp Branch, a perennial stream. 

Although structure density varies in this area, higher densities are typical.  Several 
manufactured homes and trailers are also found among the more permanent construction.  
The degree of property maintenance is variable in this area. 

In driving through the area, another potential way in which lake water quality may be 
impacted by failing OWSS was observed.  Several of the streams cross properties with 
steep topographies, such that infiltrate from leachfields or failing systems could readily 
discharge into them via groundwater flow, and subsequently the streams would discharge 
into the lake.  In some portions of the area, based on the steep topography and local 
identification of bedrock outcrops, the soil may be quite shallow. 

The subdivisions on the east side of Old Laurens Highway (SSR 39) were also visited.  
Some older homes, such as in the Sand Shore subdivision, are apparent, though there are 
also younger homes in the area.  However, this area was rejected primarily because the 
coves were much smaller in size and less isolated from the main part of the lake.  It 
should be noted that a public water supply pump-house is located along the shore near the 
intersection of Harris and Pumphouse Roads in this vicinity. 

Richardson Subdivision.  The second candidate location identified was in the vicinity of 
the Richardson Subdivision, which originated in the period 1974-1986.  There are 
younger neighborhoods in the vicinity along the shores of a large cove, which is crossed 
by highway 72.  The Richardson subdivision, located on the north shore of the cove, was 
characterized by gentle to moderately sloping topography.  Structure density was 
moderate, less dense than in the case of the Ligon neighborhood.  Some trailers and 
modular homes could be found in this area as well as permanent construction.  The 
location selected for sampling was along the north shore of the cove where home density 
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along the lake was highest.  The south shore was steep and less densely populated.  
Homes appeared to be younger on the south shore of the cove, as well. 

Cobb/White Subdivision.  Older subdivisions located in this area include Cobb/White 
and Kemside subdivisions, both originating in the period 1962-1973.  This area can be 
found at the northern end of Calhoun Road East (SSR 535).   

The vicinity is generally moderately to steeply sloped.  Trailers and older homes occur in 
intermediate density, especially on the northwestern shore of the cove.  Several homes 
were close to the shoreline.  A local business, heavily used boat ramp and fueling site are 
located in the area. Four easily identified, intermittent streams discharge into the cove.  

Greenwood Shores. The fourth location was a larger, older subdivision named 
Greenwood Shores.  Greenwood Shores is located just north of the intersection of state 
highways 702 and 34.  It originated in the period 1962-1973.  The topography was gently 
to moderately sloping, in general.  Home density was generally moderate with few 
trailers or modular construction.  Three suitable coves are located along the shore in this 
subdivision.  These coves were smaller than those described for the other selected 
locations.  It was decided that the cove that appeared to be most densely built up along 
the shoreline from the boat would be sampled the most extensively.        

Results of First Sampling and Analysis Event 

Table 1 presents the results of the first sampling (March 10, 2006) and analysis event.  
The locations sampled included Greenwood Shores (Gnwd Sh), Irvine Fishcamp (Irv F 
Cmp), Richardson Subdivison (Richardson), Ligon (Ligon) subdivision and Harris 
Landing (Hrrs Lnd) (adjacent to the business of that name, located SW of Camp Branch 
area).  Sampling proceeded in the given order, which was from down stream to upstream 
in the lake (SW to NE).  UTM coordinates are given for each sample, as well as the 
depths and results of field and laboratory analysis.  

pH values were generally greater than 7.0 standard units (SU), with increasing (becoming 
more basic) values in the upstream (NW) direction.  Checking of pH against standards on 
a periodic basis ruled out instrument drift as a cause of this apparent directional trend.  
On the lower end of the lake, there was a relatively low pH of 6.77 SU encountered in 
sample 7, taken in the cove bordering Cobb/White Subdivision.  This sample also 
contained the highest detected concentration of orthophosphate, 4.35 ppm, as well as a 
high ORP reading of +11 mV.  The highest ammonium ion reading (2.0 ppm) was also in 
the Cobb/White Subdivision area (sample 8). 

Temperatures generally increased in the NW direction in the lake, likely due to the fact 
that these samples were collected later in the day at shallow depths, reflecting solar 
heating and/or lack of mixing with cooler water. 

An anomalous sample (sample 18) was collected in the Ligon area.  pH was 9.75 SU, the 
ORP was -147 mV, and the temperature was highest at 19.1 C.  However, the specific 
ions and orthophosphate were not atypical.  It should be noted that this sample was 
collected far upstream in the cove, beyond residential development and adjacent to an old 
farmstead.  Wetland vegetation appeared nearby, suggesting that the water quality may 
have reflected this environment.  The low ORP may have been due to degradation of 
organic matter in the water, for example. 
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In none of the locations sampled were consistently high concentrations of the target 
analytes (nutrient ions) obtained.  It was decided, then, based on the one relatively high 
orthophosphate sample and slightly high ammonium ion concentration in one other 
sample, more detailed investigation of the Cobb/White Subdivision area was warranted.  

Results of Second Sampling and Analysis Event 

Results for the second event (samples collected April 6, 2006) are included in Table 2.  
All sampling occurred in the Cobb/White Subdivision vicinity.  The two, horizontal 
cross-sections perpendicular to the shore line are indicated by the series of samples 1 
through 6 and 9 through 11.  A detailed vertical cross-section located in the middle of the 
cove channel is indicated by samples numbered 15 through 19.   Samples 7 and 8 were 
obtained from a small tributary (cove within the cove) in the cove, at shallow water 
depths.  Samples 11, 15 and 20 were obtained from the bottom of the cove channel, based 
on depths of greater than 20 feet.  Samples 22 and 23 were located near a camp shoreline.  

None of the specific ion concentrations were sufficiently high to show significant water 
quality impact.  The average concentration for orthophosphate was 0.02, with a range of 
0.01 to 0.54.  Concentrations did not appear to be related to location or depth.  In fact, the 
highest and lowest orthophosphate concentrations occurred at shallow depth.  However, it 
does appear that there is a weak tendency for those samples collected close to the 
sediment-water interface to be higher in orthophosphate concentration that those 
collected further up in the water column.  The data did not show a marked statistical 
significance for this relationship, however, though it may warrant further investigation.  

Ammonium ion concentrations were essentially below or near the detection limits (0.1 
ppm).  Chloride (1.4 Ð 2.1 ppm) and nitrate (0.4 Ð 2.2 ppm) concentrations were low and 
did not show any apparent significant relationships with each other or other analytes. 

However, the field parameter data suggested the occurrence of two different waters 
within the cove, roughly related by depth.  In the deeper waters, greater than 20 feet, 
located in mid-channel, water samples tended to be characterized by relatively low pH 
(<7.0 SU), cooler temperature (less than or equal to 16oC), and positive ORP readings 
(>+20 mV).  Vertical profiles were collected at one mid-channel location to confirm the 
occurrence of an interface of the two apparent water types.  The more detailed cross 
section is represented by samples 15 through 19.  A somewhat wide, gradual interface, 
with a boundary represented by pH 7 SU and 0 mV water occurring at a depth of 
approximately 16.5 feet, in this case.  This apparent occurrence of two types of water was 
confirmed by co-located sample pairs 11-12, 13-14 (weak) and 20-21.  Figure 1 
illustrates the vertical distribution of temperature versus depth, and Figure 2 provides the 
vertical distribution of depth versus ORP.   

 
Phase 2:  Investigation of Local Streams as Source of Impact on Lake Water by 
OSWS (2006-2007) 
 
The results of the November, 2006 sampling events showed little variation in field and 
lab parameters among all of the samples (Table 3).  These samples included five (5) 
stream locations ranging from Greenwood Shores, on the lower end of the lake, to 
locations in Waterloo above the lake (upper end), three (3) samples from relatively quiet 
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water at the lakeshore and one stream sample near to the outlet of a pond on a golf 
course. 
 
Field water temperatures varied somewhat widely, given that all samples were taken from 
shallow depths, varying from 10.4 to 22.8oC.  The two samples with temperatures above 
20oC were associated with shallow, sun-exposed locations.  The coldest temperature, 
10.4oC, was located at Lick Creek at Todd's Quarter, near Waterloo in Laurens County.  
The next lowest temperature, was taken from a small stream in Stoney Point taken on the 
same date as that with the lowest temperature (11/18/06).  These differences in 
temperatures from the warmer ones for samples collected on 11/11/06 are most likely due 
to the change in weather from sunny and warm to cloudy and cooler.  Also, there was 
noted precipitation on 11/16/06, two days prior, which may have accounted for some of 
the lower temperatures. 

Variations in pH were small, with the range for all nine (9) sample locations varying from 
6.70 to 7.16 s.u.  The oxidation-reduction potential (ORP) varied over a rather low range, 
as well, from -1 mv to +25 mv.  The highest value did lie outside of the range for the 
other samples (-0.1 mv to +8 mv), though not by enough to require interpretation as a 
separate occurrence. 

Variations among the constituents determined in the laboratory by ion selective 
electrodes (ISE) were also small.  The ranges for nitrate were 05 mg/l to 4.2 mg/l, for 
ammonium ion were 0.1 mg/l to 0.6 mg/l and for chloride ion were 1.2 mg/l to 10.6 mg/l.  
The higher nitrate values tended to be associated with flowing streams farther from the 
lake shoreline, but do not seem to correlate with any other properties of those locations.  
The single chloride concentration of 10.6 was significantly outside the range of the other 
samples (1.2 mg/l to 4.9 mg/l).  This sample was collected in the small stream near the 
outlet to the golf course pond in the Grand Harbor subdivision.  This may be related to 
runoff from the golf course.  Nitrate levels in this sample were 1.3 mg/l. 

The subsequent sampling event of March 21, 2007, was completed to confirm the higher 
nitrate content of a previous sample taken from a stream in the Greenwood Shores 
development.  Two samples were taken in that subdivision.  Also, samples were taken 
from the Saluda River immediately downstream from Lake Greenwood and one sample 
each from Wilson Creek and Ninety Six Creek were taken.  Although Wilson Creek and 
Ninety Six Creek do not discharge into Lake Greenwood these locations are of interest 
because two municipal wastewater treatment plants are nearby (POTWs) and discharge to 
these bodies of water.   

The results of this spring sampling event are shown on Table 4.  The second Greenwood 
Shores sample, number 4 on the table, showed an anomalously high nitrate reading, 
perhaps from some unspecified interference.  For that reason, a second sample was 
collected from the same location on March 25, 4 days after the first one.  The nitrate 
concentration in that confirmatory sample was a low 0.5 mg/l, more typical of sample 
number 1 on the table.   
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The results for the samples collected in Wilson Creek and Ninety Six Creek were as 
expected for samples collected downstream of wastewater treatment plants (POTW).  
Both nitrate and chloride concentrations were elevated relative to the other samples, 
though not at levels that would be of concern.   

Results for the June 8, 2007 sampling event are provided in Table 5.   All samples were 
collected from shallow depths.  Samples 1 through 4 were collected in a cross section 
across the Highway 72 bridge.  Samples 5 and six were taken from Quarter Creek, with 
sample 5 taken from the area where the creek enters the alcove and sample 6 taken farther 
upstream, on the north of highway 72.  The last three samples were taken from the Saluda 
and Reedy Arms of the Lake, respectively. 

Temperatures of water samples varied from 25.0 to 29.9oC.  The lowest temperature was 
associated with the upstream sample taken from Quarter Creek, which may be due to the 
influx of lower temperature groundwater.  The other temperatures reflect the higher water 
temperatures associated with late spring in this region. 

TDS varied little in the samples, from 40 to 80 mg/l.  The high value of 80 was associated 
with the upstream sample collected from Quarter Creek.  The pH varied from 6.92 to 
8.99.  The two lowest pH readings were collected from the Quarter Creek samples, at 
6.92 and 7.00 s.u.  All other readings were 8.40 s.u. or higher.  The ORP values covered 
the range from -110 to +11 mv.  Both of the positive readings were collected from 
Quarter Creek.  The most negative values were collected from the two upper lake arms.  
Nitrate values were relatively low for all samples, ranging from 0.7 to 4.0 mg/l.  The two 
lowest values, 0.7 and 1.1 mg/l, were associated with Quarter Creek.  The highest values, 
3.0 to 4.0 mg/l, were collected from the two upper arms of the lake.  All ammonium ion 
results were near the detection limit of 0.1 mg/l. 

Phase 3: Develop, if possible, an analytical method for determining whether a 
sample was likely impacted by OSWS 
 
Literature review:  Several analytes have been used as indicators of contamination of 
surface and groundwater with human waste. Tests for microorganisms such as fecal 
coliforms, have long been used as a means of detecting contaminate with human waste.  
Such methods tend to require some degree of training and may be rather expensive for 
use as a screening tool, so these were not considered further.  Pharmaceuticals and other 
products can be detected at low concentrations and are often indicative of human 
contamination.  Examples of compounds that have been measured include caffeine, 
tetracycline, oxytetracycline, phenytoin, propoxyphene, amitriptyline, estrone, ethynyl 
estradiol (McQuillan et al., 2002).  Other compounds tentatively identified in wastewater 
include atrazine, hydroxatrazine, desethyl-deisipropyl atrazine, alkyl phenols, ibuprofen, 
propoxur, phenelzine, mephenytoin, ethotoin, nicotinic acid, 17-ethynylestradiol, 17-
estradiol-3-sulfate, oxytetracycline, sulfadiazine, sulfamerazine, sulfadimethoxne, 
oxindol, 4-hydroxindole, 5-phelylhydantion, tri-2-butoxyethyl phosphate, and vitamin A 
(Jones-Lepp et al., 2001).  The methods available for analyzing water samples for trace 
concentrations of compounds such as these generally involve some microextraction 
procedure (liquid-liquid extraction, microextraction, membrane extraction, etc.) and 



 20 

separation methods such as liquid or gas chromatography (Einsle et al., 2006).  Such 
techniques are typically expensive and require significant instrumentation and thus are 
not really suitable as screening techniques.   It was decided not to pursue any of those 
techniques at this time.   

Fluorescent detection of optical brighteners has had some success in identifying locations 
that have been contaminated with human waste, such as sewer line breaks or leaks 
(Hagedorn et al., 2005; Balcers and Teteris, 2006).  However, in other studies, 
fluorescence detected in groundwater in proximity to OSWS have been attributed to 
natural organic matter such as humic and fulvic acids (Alhajar et al., 1990) 

Methods using detection of optical brighteners in surface waters include the use of 
untreated absorbance pads, onto which brighteners are adsorbed (Sargent and 
Castonguay, 1998). This method involves the visual detection of fluorescence in a dark 
room when the filter pads are exposed to long-wave UV light.  The method is non-
quantitative, though it has the advantage of allowing continuous, extended sampling.  The 
interference of natural organic matter with this method has not been studied in detail. 

Because of the non-quantitative nature of the method, the amount of time required for 
effective sampling and the possibility of uncharacterized interference from natural 
organic matter, the visual method was not pursued in this study. 

Another method for measuring optical brighteners in natural water samples includes 
direct fluorometric detection.  This method has apparently had some success in tracking 
contamination to sources in surface waters (Hagedorn et al., 2005b) 

Because of the near ubiquity of the use of optical brighteners in laundry detergents and 
some other household products such as dishwashing cleaners and toilet paper, their use in 
higher concentrations that most pharmaceutical products and other personal use products 
such as caffeine and nicotine, the assumed simplicity, low cost and speed of the method, 
it was decided to determine whether the use of a fluorometer would be effective in 
detecting optical brighteners in Lake Greenwood and local stream waters, as an indicator 
of contamination by failing OSWS. 

Determining excitation and emission wavelengths for the product.  Optical brighteners 
are effective because they emit light in the blue range.  Based on the literature (Bakers 
and Teteris, 2006; Hagedorn et al., 2005), excitation wavelengths in the long UV range 
(300-365 nm) and emission wavelengths in the blue range (400-550 nm) were the targets.  
It is expected that optimum excitation and emission wavelengths would differ for 
different products/optical brighteners.   

Based on the scan and multiple wavelength readings of stock solutions diluted in 
deionized water, the selected conditions for much of the work were:  Excitation 
wavelength=363 nm, with four emissions wavelengths at 414, 432, 457 and 504 nm, 
respectively.  As a general rule, responses were stronger at the shorter wavelengths.  The 
longer ones were included to check for potential interferences in natural samples.  
Toward the end of the study, an emission wavelength of 732 nm was added as an 
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indicator of natural organic matter, perhaps chlorophyll or other DOC components.  In 
scans of natural water samples from the lake, there was a noted emission peak of 732 nm 
at the excitation wavelength of 363 nm.  

Instrument sensitivity:  Fluorometric analysis was capable of routinely detecting the 
whiteners in the product at dilutions of 10-7 to 10-8 dissolved in deionized water, at the 
excitation and emission wavelengths tested.  Further work may bring detection limits 
down to lower levels.  This additional work was not performed because of greater 
concern was whether low levels of the product could be detected in natural water 
samples.  It was noted later in the study that the product tended to photodegrade in 
solution, so that the low detection limits really apply only to stocks and standards that are 
relatively recently prepared or protected from exposure to light.  

Spiking previously collected samples of lake and stream water with low concentrations of 
the product stock solutions did show a detectable response, but generally at similar 
wavelengths to the peaks detected in the natural waters that were not spiked.  This 
implies that further method development would be required to be able to use direct 
fluorometric analysis as a semiquantitative means of detecting whiteners in lake and 
stream water samples. 

Fluorescent properties of natural water samples:  Table 6 presents fluorometric data for 
water samples collected on June 8, 2007.  The same samples were tested again a few days 
later with a shorter (390 nm) and longer (732) emission wavelengths added (Table 7).  
The instrument settings that were found to be optimum in previous work with stack 
solutions of the product were used to examine these samples.  Sample responses were 
weaker that the DF = 10-4 standard, but approximately comparable to those for the 10-5 
and 10-6 standards, especially at the lower emissions wavelengths (414 nm and 432 nm).  
It is noted that the response of the standards was significantly less at the lowest emission 
wavelength of 390 nm.     

Scans were performed of the same samples at a lower excitation wavelength of 344 nm, 
with higher responses for all of the samples, with fluorescence values in the 10 to 89 a.u. 
(Table 8) range versus less than 10 a.u. for samples with an excitation wavelength of 363 
nm.  This demonstrates the importance of selection of an appropriate excitation 
wavelength.  A suitable target excitation wavelength would create a greater response with 
respect to the whiteners than for naturally occurring dissolved and suspended 
constituents, if possible. 

The method used by Hagedorn et al. (2005b) to correct for natural fluorescence (from 
dissolved organic matter) was to subtract the fluorescence intensity values of samples 
taken from a distance from the shoreline from those taken close to shore.  The 
assumptions apparently were that the more distant samples behaved as background 
samples and that background instrument responses would be homogenous for proximal 
and distal samples.  The four samples collected across the HWY 72 bridge were a test of 
those assumptions for Lake Greenwood.  The mean intensity values varied from 2.088 
a.u. to 4.627 a.u., depending on emission wavelength, with standard deviation values 
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ranging from 0.073 to 0.178, indicating relatively low variability across the middle of the 
lake (Table 9).  So, the assumptions of Hagedorn et al. (2005b) appear to hold.   

Samples taken longitudinally on Lake Greenwood, upstream and downstream, also show 
relatively little variability, though higher than those taken in cross-section (Table 10).  
There was less variability, based on standard deviations, than expected.  It would appear 
that the surface water in the lake was well mixed at the time of sampling.   

A comparison of the four samples collected across Lake Greenwood at the Highway 72 
bridge with the three samples collected from the upstream end of the lake in the Saluda 
and Reedy Rivers Branches appeared to show a slight, but significant difference, 
however.  The mean values in fluorescence intensity were at least 2.8 standard deviations 
apart, using the higher of the two standard deviations (Table 11).  The fluorescence 
intensities were consistently higher in the upstream samples. 

The samples collected from Quarter Creek were significantly different in fluorescence 
properties that those collected in the lake.  At each wavelength readings were from 6 to 
almost 10 standard deviations higher than those in the lake, averaged over all samples 
collected from the lake.  This does reflect the observation that other water quality 
parameters, such as TDS, ORP and pH, were also apparently different in Quarter Creek 
samples than other samples. 

Based on earlier work, it was observed that water turbidity tends to decrease in the 
downstream direction, and also algae contents tend to be higher in the upstream reaches 
of the lake (McKellar and Bulak, 2005).  Either or both of these observations may 
account for the higher fluorescence values in water samples collected in the upper reach 
of the lake.  This observation provided the impetus for the experiments with the purpose 
of determining the effect of suspended solids and dissolved organic matter on the fate of 
product (ALL) whiteners, as measured by changes in fluorescence intensity.  

Effect of suspended solids: It has been observed that optical whiteners tend to adsorb to 
soils (Alhalar et al., 1990).  This suggests that suspended particles in the lake water 
column may affect the fate of optical brighteners in lake and stream water.  This effect 
was evaluated in an experiment whereby stock solutions of the product were exposed to 
different concentrations of suspended sediment for a period of approximately 1 hr.  The 
results of this experiment are provided in Table 12.   From the table and Figure 3, it is 
readily observed that, the higher the concentration of suspended sediment in a flask, the 
lower was the fluorescence intensity at each of the wavelengths tested.  Lower 
wavelengths appeared to show a greater response versus concentration of suspended 
solids.   

In interpreting the data, the initial point was taken to be the sample with a particulate 
content of 5g/l.  This was because the fluorescence intensity of the stock solution in DI 
water only was lower than the 0.4 g/l sample.  It appears that the reason for the lower 
levels in the absence of suspended particulate matter was due to photodegradation of the 
whiteners in the product.  The suspended material absorbed, scattered or reflected a 
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significant amount of the light in the laboratory, thus protecting the whitener fraction 
from accelerated photodegradation. 

At 50 g/l of solids, the percent of intensity lost in the sample was 69.8% (414 nm), 68.6% 
(432 nm), 66.8% (457 nm) and 60.1% (504 nm).  The longer the emission wavelength 
measured, the lower was the decrease in intensity.  At 100 g/l, fluorescent intensities 
decreased by 96.0% (414 nm), 95.7% (432 nm), 94.8% (457 nm) and 90.7% (504 nm).  
These values may represent essentially complete loss of the whitener component of 
fluorescence because some the blank samples (suspended matter in deionized water), had 
similar levels of intensity.  The conclusion to draw from these results is that the 
whitening agent in the product absorbed to the suspended matter and was removed with 
the solids upon centrifugation. 

It was noted that the supernatant following centrifugation was colored a yellowish brown 
color, which indicated that some dissolved organic matter (DOM) was contributed to the 
liquid by the sediment.  The effect of this colored material on the fluorescence intensity 
of the whiteners was investigated in another experiment.  Also, because of the probability 
of photodegradation occurring over the course of the approximately 2 hours over which 
the product was exposed to laboratory light, a test was made of the kinetic effect. 

Effect of dissolved organic matter (DOM):  Lake sediment contains organic matter that 
could become dissolved in the water column upon resuspension.  Also, DOM can enter 
surface water from runoff or groundwater influx.  The effect of this DOM on 
fluorescence is unknown.  One hypothesis to be tested was that the DOM would interfere 
by adding of fluorescence within the wavelength ranges of interest.  This has been 
observed in natural water samples (Patsateva et al., 2000; Hood et al., 2006). 

In this experiment, the DOM was added by suspending 83 g/L of fine lake sediment 
collected from the Saluda arm in deionized water, allowing the particulates to settle and 
removing the finer particulates by centrifugation.  The resulting sediment extract was 
then used as the medium into which stock solutions of the product were placed.  The 
extract was diluted to determine the effect of different concentrations of the DOM on 
fluorescence intensity.  In this experiment, the fluorescence intensities were off scale for 
the lower two emission wavelengths (414 nm and 432 nm), so the data was interpreted on 
the basis of the longer three emission wavelengths (457, 504 and 732 nm).  This data is 
illustrated in Table 13 and Figure 4.   

As the concentration of the extract increases, there is a noted decline in fluorescence 
intensity at 457 nm.  A slight decline was measured at 504 nm.  However, both trends had 
a strong inverse correlation with the concentration of sediment extract that was added, 0-
0.983 and 457 nm and -0.984 at 504 nm.  This indicates strongly that there was a direct 
effect attributable to decreased intensity and sediment extract concentration.  

A significant increase in fluorescence intensity was measured at 732 nm, which relates to 
the amount of DOM that was added from the lake sediment.  In fact, the positive linear 
correlation between the extract concentration and fluorometric intensity at 732 nm was 
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high, at 0.994. The DOM, apparently, strongly fluoresces at 732 nm, while the product 
fluoresces weakly at that wavelength.  

A comparison of Figures 3 and 4 suggests that a significant amount of the effect can be 
attributed to the DOM, though certainly not all.  However, the experiments were not 
designed to allow a ready comparison of the effects of the two components contributed 
by the lake sediment, so the relative importance of each was not determined.  

Photodegradation:  It has been noted that photodegradation of whiteners should be 
considered in a study such as this.  For the samples in this study, photodegradation over a 
short enough term to potentially affect results was not observed until late in the work.  

Photodegradation was measured over an approximately 2 hour period in clear bottles.  
Table 14 presents the total changes in fluorescence intensity over the course of the entire 
experiment (difference between initial and final samples).  Figure 4 illustrates the effect 
of sediment extract concentration on photodegradation rates at a single emission 
wavelength, while Figure 5 illustrates apparent photodegradation for different emissions 
wavelengths at the same sediment extract concentration.  There are four key observations 
that can be made from this table and the figures: 

1) Bottles exposed to light underwent significant photodegradation at all emission 
wavelengths except for at 732 nm.  

2) All bottles underwent increases in intensity at 732 nm, although those exposed to light 
generally increased approximately twice as much.  

3) In the case of light-exposed bottles, intensity decreases were highest for the lowest 
emission wavelengths.  

4) The higher the sediment extract content of a light-exposed bottle, the slower the 
photodegradation appeared to be.  Not all points followed this relationship, though. 

For the stock solution exposed to light, it appears that the half life for the fluorescent 
whiteners is less than 2 hours.  It is on the order of two hours for solutions containing 
sediment extract, likely because the extract absorbs or scatters some of the incoming 
light.  This effect would be more important where suspended sediment is also included. 

 

CONCLUSIONS 

Some basic conclusions for this two year study program are: 

1. No evidence for water quality impact on Lake Greenwood that could be 
associated with failing OSWS was observed based on basic water quality 
parameters such as nutrients, ORP or TDS.  This result was obtained even with 
efforts to bias sampling in favor of finding such impact, if present.  However, that 
does not mean that such impact has not occurred or will not occur, given the high 
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density of older structures served by OSWS on or near the lakeshore, as also was 
concluded in the Northwind (2007) study. 

2. Using basic water quality parameters such as nutrients is unlikely to be an 
effective means of identifying impacts by OSWS, given the multiple sources of 
these materials in watersheds and the complexity and variety of chemical and 
biochemical processes occurring in the lake. 

3. Sampling of small streams that discharge into the lake do have potential to detect 
human impact, though seasonal and periodic variation in flow conditions should 
be taken into account when planning such a program.  Access limitations are an 
issue. 

4. There are a significant number of studies that have characterized human impact 
on surface water quality because of the ÒdetectionÓ of whitener agents in samples.  
One might get the impression that whiteners are everywhere and at high 
concentrations.  However, it appears that, at least in some studies (not named 
here), the fluorescent properties of naturally occurring DOM or phytoplankton 
have been ignored.  

5. Direct fluorometric detection of whitening agents appears to have potential as a 
powerful, rapid, cost effective tool for detecting human contamination of surface 
waters, but significant, further method development is required to handle false 
positives and interference from natural sources.  It is likely that the method will 
have to be site specific.  Data based on direct fluorescent readings must be 
followed with confirmatory analyses.  

6. Whitener agents are unlikely to remain in surface water very long.  Some agents 
may partition to suspended solids and will photodegrade in shallow water, based 
on experiments in this study and the literature.  

The following areas of additional work are suggested by this study: 

1. Seasonal sampling of selected stream locations and sampling under conditions of 
lower and higher flow.  Additional streams should be included, especially on the 
Laurens and Newberry County vicinities of Lake Greenwood. 

2. Relatively little appears to be known about the role of groundwater on local lake 
or stream water quality. Such studies should be initiated. 

3. Additional method development on direct fluorescent measurement of 
constituents is warranted.  This includes expanding our understanding of the 
fluorescent properties of natural DOM and suspended materials, including spatial 
and temporal variation.  
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Table 1.  Results of Sampling Event 1 

 UTM Zone 17          
Sample 

# Northing  Easting  Name 
Depth 

(ft.)  pH T ( ¡C) C (mV) 
PO4

- 

(ppm)  
NO3

- 

(ppm)  
NH4

+ 

(ppm)  Cl- (ppm)  
1 3782853 413904 Gnwd Sh 2.0 7.50 14.3 -19 0.00 0.3 1.6 4.5 
2 3782943 413958 Gnwd Sh 9.0 7.59 15.5 -21 0.05 0.4 1.5 3.1 
3 3783231 413824 Gnwd Sh 5.1 6.95 14.8 -13 -0.01 0.4 1.6 3.4 
4 3783327 413830 Gnwd Sh 3.4 7.60 14.1 -24 -0.02 0.4 1.4 3.1 
5 3783559 414180 Gnwd Sh 9.3 7.48 14.2 -24 0.01 0.4 1.5 3.0 
6 3788438 406268 Irv F Camp 3.9 7.09 14.3 2 0.01 0.4 1.3 3.6 
7 3788586 406698 Irv F Camp 5.2 6.77 14.6 11 4.35 0.5 1.5 3.3 
8 3788677 406807 Irv F Camp 3.2 7.34 14.1 -12 0.05 0.5 2.0 2.6 
9 3788738 406873 Irv F Camp 3.3 7.36 14.3 -12 0.01 0.4 1.3 2.9 

10 3788923 407060 Irv F Camp 3.7 7.64 14.3 -25 -0.01 0.5 1.3 2.5 
11 3792735 401568 Richardson 2.6 7.29 15.8 -7 0.02 0.5 1.3 3.0 
12 3792617 401858 Richardson 3.4 7.39 15.4 -14 0.14 0.5 1.2 3.1 
13 3792206 402367 Richardson 3.4 7.66 15.5 -28 -0.01 0.6 1.1 3.0 
14 3792289 402593 Richardson 2.9 7.73 16.0 -31 0.15 0.6 1.3 3.1 
15 3792420 402794 Richardson 3.0 7.81 15.8 -37 0.02 0.6 1.1 2.7 
16 3795873 396359 Ligon 5.2 8.01 18.0 -46 0.02 0.4 0.9 2.0 
17 3795897 396265 Ligon 3.5 7.83 16.7 -37 0.02 0.4 0.9 2.1 
18 3795787 395970 Ligon 1.3 9.75 19.1 -147 0.03 0.4 1.1 1.9 
19 ND ND Ligon 2.9 7.57 17.5 -21 0.05 0.4 1.0 1.9 
20 3796575 397980 Hrrs Lnd 1.5 8.21 18.2 -59 0.05 0.4 1.0 2.1 
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Table 2. Results of Sampling Event 2.   

All samples taken from the vicinity of Cobb/White Subdivision 

  
UTM 
Zone 17                     

Sample 
# Northing  Easting  

Depth 
(m) Depth (ft.)  pH T ( ¡C) C (mV) 

PO4
- 

(ppm)  
NO3

- 

(ppm)  
NH4

+ 

(ppm)  
Cl- 

(ppm)  
1 3788474 406337 0.56 1.5 7.68 19.1 -33 0.013 0.5 0.1 1.4 
2 3788474 406337 1.92 5.1 7.63 18.6 -29 0.054 0.5 0.1 1.5 
3 3788467 406341 4.33 11.5 7.77 17.9 -18 0.024 0.4 0.1 1.4 
4 3788446 406352 5.05 13.4 7.54 17.2 -25 0.026 0.6 0.1 1.4 
5 3788422 406366 4.14 11.0 7.68 17.8 -30 0.035 0.7 0.1 1.8 
6 3788412 406371 1.88 5.0 7.71 18.7 -32 0.027 0.9 ND 1.5 
7 3788432 406218 1.62 4.3 7.71 18.8 -33 0.013 0.9 ND 1.7 
8 3788432 406218 0.49 1.3 7.59 19.3 -25 0.039 1.0 ND 1.6 
9 3788626 406836 1.66 4.4 7.62 19.7 -27 0.009 1.3 ND 1.7 

10 3788662 406815 3.13 8.3 7.50 18.4 -23 0.009 1.1 ND 1.6 
11 3788653 406823 8.85 23.5 6.71 16.0 23 0.015 1.0 0.1 1.6 
12 3788652 406825 1.88 5.0 7.75 18.1 -35 0.008 1.7 ND 1.6 
13 3788608 406852 5.35 14.2 7.02 16.7 5 0.018 1.1 0.1 1.8 
14 3788608 406852 1.88 5.0 7.83 18.1 -38 0.01 1.4 ND 1.9 
15 3788650 406922 8.85 23.5 6.70 15.6 24 0.016 1.2 ND 1.9 
16 3788650 406922 6.00 19.7 6.80 15.3 18 0.052 1.1 ND 1.8 
17 3788650 406922 5.00 16.4 7.06 16.0 0 0.014 1.3 ND 1.9 
18 3788650 406922 4.00 13.1 7.61 16.6 -27 0.021 1.8 ND 1.7 
19 3788650 406922 <0.38 <1 7.97 18.0 -44 0.01 2.2 ND 1.8 
20 3788576 406784 7.91 21.0 6.70 15.3 24 0.024 1.3 ND 1.8 
21 3788576 406784 5.00 16.4 7.26 16.2 -7 0.017 1.1 ND 1.7 
22 3788600 406744 4.78 12.7 7.63 16.9 -27 0.014 1.8 ND 2.0 
23 3788600 406744 1.00 3.28 7.95 17.8 -44 0.014 1.9 ND 2.1 

Ave         7.45 17.5 -18 0.02 1.2 0.10 1.7 
Std. Dev.          0.41 1.3 22 0.01 0.5 0.00 0.2 
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Table 3: Water Quality Data, Selected Stream Locations, November 2006 Sampling Event 
 

Stream sampling dat a         
Sampling Date: 11/11/2006 & 11/18/06        
Analysis dates: 11/15/06 & 11/18/06        

Location  
Date 
Sampled   

Northing 
(UTM) 

Easting 
(UTM) 

Elevation 
(ft) 

Temp. ( 
C) pH mV 

NO3 
(ppm) 

NH4 
(ppm) Cl (ppm) 

1 11-Nov 3788650 406794 467 18.3 7.00 5 4.2 0.1 4.9 

2 11-Nov 3788560 406794 467 17.8 6.70 24 0.7 0.1 3.2 

3 11-Nov 3782376 414268 466 22.8 7.10 1 0.5 0.1 1.8 

4 11-Nov 3784701 410378 410 16.7 6.96 8 0.5 0.2 2.7 

5 11-Nov 3784712 410395 417 18.9 7.10 6 0.6 0.1 2.5 

6 11-Nov 3786232 410709 515 20.7 7.14 -1 1.3 0.2 10.6 

7 11-Nov ND ND 521 17.2 7.06 -1 0.8 0.1 2.1 

8 18-Nov ND ND 521 10.4 7.00 7 2.3 0.6 1.2 

9 18-Nov ND ND 521 14.3 7.16 -1 3.1 0.6 2.5 
ND:Locations appeared to be in error based on mapping of UTM coordinates.     
           
Sample N umber  Location          

1  Greenwood Shores, Ramsey Drive       
2  Greenwood Shores, Beach Drive, near alcove      
3  Lake Greenwood S.P., minor entrance, at end of dry stream bed, lake edge   
4  Lake Gnwd. S.P., Ramp Road, near end, sampled at end of storm drain where it crosses road 
5  Lake Gnwd. S.P., Ramp Road, near end, sampled at lake edge, in alcove   
6  Grand Harbor, Waterford Drive (Private), storm drain near outfall of golf course pond  
7  Coker Road, near State Rd. 72, in dip in road, near alcove     
8  Lick Creek at Todd's Quarter (Near Waterloo)      
9  Stream in Stoney Point       
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Table 4.  Water Quality Data, Selected Stream Locations, March 2007 Sampling Event 
 

Stream sampling data            
Sampline Date: 3/21/2007 & 3/25/2007          
Analysis dates: 3/22/2007 & 4/13/2007          

Location  Date  
Northing  
(UTM) 

Easting  
(UTM) 

Elevation 
(ft)  

Temp.   
( C) 

TDS 
(mg/L)  pH mV 

NO3 
(ppm)  

NH4 
(ppm)  

Cl 
(ppm)   

1 3/21/2007 3792707 401132 521 17.8 110 7 1 0.8 0.2 2.3  
2 3/21/2007 3782386 414234 519 16.2 120 7.57 -29 5 ND 5.1  
3 3/21/2007 3781287 416650 518 17.4 30 6.95 5 1 ND 0.6  
4 3/21/2007 3782802 413739 393 17.8 70 6.74 17 >1000 ND 0.6  
5 3/21/2007 3782799 413757 395 17.1 160 7.49 -26 16.1 0.1 6  

4b 3/25/2007 NA NA NA NA NA NA NA 0.5 NA NA  

4                 1.2     
reanalyzed 
4/13/2007 

             
Location descriptions            

1 Greenwood shores in subdivision         
2 Wilson Creek and 702 bridge          
3 Below Buzzard Roost Dam on Saluda River         
4 Greenwood shores in subdivision         
5 Wilson Creek near the State Park down road opposite the entrance at bridge      

4b Approximate location of above sample 4         
             
NA=Not analysed            
ND = Non-detect            
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Table 5. Water Quality Data, Lake Greenwood and Selected Stream Locations, June 2007 Sampling Event 
 

Sampling data           
Samples collected 6/08/07         
Samples analyzed 6/08/07         
           

Location  Date  
Northing 
(UTM) 

Easting 
(UTM) 

Elevation 
(ft)  

Temp.     
( C) 

TDS 
(mg/L)  pH mV 

NO3 
(ppm)  

NH4 
(ppm)  

1 6/8/2007 3793720 402600 ND 27.1 40 8.62 -88 1.6 0.1 
2 6/8/2007 3793530 402510 ND 26.9 40 8.53 -81 1.7 0.1 
3 6/8/2007 3793980 402670 ND 27.1 na 8.45 -77 1.4 0.1 
4 6/8/2007 3794020 402760 ND 27.5 40 8.40 -74 1.6 0.1 
5 6/8/2007 3792856 401184 396 28.3 50 6.92 11 0.7 0.1 
6 6/8/2007 3793607 399603 450 25.0 80 7.00 5 1.1 0.1 
7 6/8/2007 3796774 397885 449 29.9 40 8.67 -90 4.0 0.1 
8 6/8/2007 3796708 397826 407 29.5 40 8.71 -92 4.0 0.1 
9 6/8/2007 3799087 400176 404 29.3 50 8.99 -110 3.0 0.1 

           
Sample 1-4 locations approximate.  Estimated from online map      
ND=Not Determined          
           
Location Descriptions          
1=Middle of Hwy 72 Bridge         
2=SW side of Hwy 72 Bridge         
3=NE side of Hwy 72 Bridge         
4=Sunoco/Subway Dock, NE side of Bridge        
5=Quarter Creek alcove near 72.         
6=Quarter Creek at Willard Road Bridge just south of Stony Point Road, before bend in road    
7=Hwy 39 Bridge across Lake Greenwood, Saluda River, middle of bridge      
8=One Stop Marina, Hwy 39, West of Saluda arm, boat dock       
9=Hwy 29 (River Forks Road), end of aluminum fishing pier, public park, Reedy River     
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Table 6.  Fluorometric Intensities of Water Samples Collected June 8, 2007 on Lake 
Greenwood 
 

Samples collected 6/08/07    
Analyses of 6/13/07     
     
Excitation wavelength = 363 nm   
Excitation slit = 5 nm    
Emission slit = 5 nm    
Ave. time = 0.100 sec    
Excitation filter = auto    
Emission filter = open    
Voltage = medium    
     
  Flourometric Intensity (a.u.)  
Sample number  414 nm 432 nm 457 nm 504 nm 

1 4.600 3.040 3.155 1.993 
2 4.779 3.156 3.409 2.127 
3 4.566 3.269 3.430 2.159 
4 4.564 3.029 3.078 2.073 
5 5.146 3.882 4.193 2.675 
6 6.702 5.933 6.686 4.208 
7 4.928 3.578 3.795 2.335 
8 4.891 3.650 3.810 2.273 
9 4.937 3.497 3.734 2.343 

1:1000000 std. 4.500 2.588 1.797 0.391 
1:10000 std. 35.439 37.169 26.069 6.391 
DI 2.380 0.096 0.119 0.081 
     
Location Descriptions     
1=Middle of Hwy 72 Bridge 
   
2=SW side of Hwy 72 Bridge 
   
3=NE side of Hwy 72 Bridge 
   
4=Sunoco/Subway Dock, NE side of Bridge 
  
5=Quarter Creek alcove near 72. 
   
6=Quarter Creek at Willard Road Bridge just south of Stony Point 
Road, before bend in road 
 
7=Hwy 39 Bridge across Lake Greenwood, Saluda River, middle of 
bridge 
 
8=One Stop Marina, Hwy 39, West of Saluda arm, boat dock 
 
9=Hwy 29 (River Forks Road), end of aluminum fishing pier, public 
park, Reedy River 
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Table 7. Emissions fluorometric intensity (a.u.) for samples collected June 8, 2007.  
 

Samples collected 6/08/07      
Analyses of 6/20/07, expanded range of wavelengths    
       
Excitation wavelength = 363 nm     
Excitation slit = 5 nm      
Emission slit = 5 nm      
Ave. time = 0.100 sec      
Excitation filter = auto      
Emission filter = open      
Voltage = medium      
       
       

Sample  
390 
nm 

414 
nm 432 nm 457 nm 504 nm 732 nm 

1 1.238 4.527 3.103 3.242 2.054 14.718 
2 1.199 4.638 3.316 3.441 2.176 16.103 
3 1.179 4.578 3.381 3.380 2.115 15.165 
4 1.134 4.710 3.232 3.282 2.120 17.947 
5 1.607 5.197 4.172 4.090 2.608 42.040 
6 2.845 6.909 7.144 6.775 4.272 113.039 
7 1.283 5.055 3.658 3.863 2.360 25.140 
8 1.353 4.973 4.018 3.909 2.275 23.216 
9 1.378 5.175 3.855 3.843 2.386 20.321 

1:10000000 std. 0.080 2.401 0.096 0.095 0.063 1.491 
1:1000000 std. 0.105 2.619 0.349 0.227 0.062 1.503 
1:100000 std. 0.300 5.039 3.099 2.180 0.593 1.833 

 
Location Descriptions  
1=Middle of Hwy 72 Bridge 
2=SW side of Hwy 72 Bridge 
3=NE side of Hwy 72 Bridge 
4=Sunoco/Subway Dock, NE side of Bridge 
5=Quarter Creek alcove near 72. 
6=Quarter Creek at Willard Road Bridge just south of Stony Point Road, before bend in 
road 
7=Hwy 39 Bridge across Lake Greenwood, Saluda River, middle of bridge 
8=One Stop Marina, Hwy 39, West of Saluda arm, boat dock 
9=Hwy 29 (River Forks Road), end of aluminum fishing pier, public park, Reedy River 
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Table 8. Fluorometric Intensity of Samples Collected on June 8, 2007, from Scans at a 
Lower Excitation Wavelength (344 nm) 
 

Samples collected 6 /08/07    
Analyses of 6/12/07, scans     
      
Excitation wavelength = 344 nm    
Excitation slit = 5 
nm     
Emission slit = 5 nm     
Scan speed: 
medium     
Excitation filter = 
auto     
Emission filter = 
open     
Voltage = medium     
      
      
Sample  390 nm 414 nm 432 nm 457 nm 504 nm 

1 44.8 34.7 36.4 35.5 17.7 
2 45.4 37.0 41.4 38.5 23.6 
3 45.9 33.7 38.6 37.3 20.1 
4 45.5 34.5 36.8 35.2 21.6 
5 51.1 46.3 46.6 46.6 26.0 
6 63.4 64.0 72.4 70.5 42.1 
7 47.1 39.1 42.9 42.7 21.7 
8 47.7 42.6 42.8 42.1 25.3 
9 49.3 41.1 43.7 40.9 29.2 
DI 25.7 ND ND ND ND 

      
Note, wavelengths approximate, peak nearest in scan used 
for comparison purposes    

 
Location Descriptions  
1=Middle of Hwy 72 Bridge 
2=SW side of Hwy 72 Bridge 
3=NE side of Hwy 72 Bridge 
4=Sunoco/Subway Dock, NE side of Bridge 
5=Quarter Creek alcove near 72. 
6=Quarter Creek at Willard Road Bridge just south of Stony Point Road, before bend in 
road 
7=Hwy 39 Bridge across Lake Greenwood, Saluda River, middle of bridge 
8=One Stop Marina, Hwy 39, West of Saluda arm, boat dock 
9=Hwy 29 (River Forks Road), end of aluminum fishing pier, public park, Reedy River 
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Table 9. 
Statistics for samples taken across the HWY 72 
Bridge (Units are arbitrary units (a.u.) for 
fluorescence intensity  
Sample  414 nm 432 nm 457 nm 504 nm 

1 4.600 3.040 3.155 1.993 
2 4.779 3.156 3.409 2.127 
3 4.566 3.269 3.430 2.159 
4 4.564 3.029 3.078 2.073 

Average 4.627 3.124 3.268 2.088 
Std. dev. 0.103 0.113 0.178 0.073 

 
For locations, refer to Tables 5,6,7,or 8  
 
 
 
Table 10. 

Statistics for samples taken longitudinally from 
Lake Greenwood  
Sample  414 nm 432 nm 457 nm 504 nm 
Ave. 1-4 4.627 3.124 3.268 2.088 

7 4.928 3.578 3.795 2.335 
8 4.891 3.650 3.810 2.273 
9 4.937 3.497 3.734 2.343 

Ave. 4.846 3.462 3.652 2.260 
Std. Dev. 0.147 0.234 0.258 0.119 

 
 
 
Table 11. 

Comparing HWY 72 Samples with Upstream 
Samples from Reedy and Saluda Arms of Lake  

Sample  
414 
nm 

432 
nm 

457 
nm 

504 
nm 

Ave. 72 4.627 3.124 3.268 2.088 
Ave Upstr. 4.919 3.575 3.780 2.317 
Difference 0.292 0.451 0.512 0.229 
N. Std. Dev. 2.83 3.99 2.82 3.14 
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Table 12.  Impact of suspended solids derived from Saluda arm lake greenwood sediment 
on fluorometric intensity (a.u.) of ALL product dissolved in water  
 
Conc. Of 
solids (g/l)  414 nm 432 nm 457 nm 504 nm 
         

0 183.44 207.075 147.828 36.805 
5 584.558 662.691 481.792 120.622 

10 537.198 607.746 444.735 115.56 
10 476.395 545.867 400.847 106.866 
50 176.642 208.344 159.907 47.287 

100 23.286 28.274 25.291 11.204 
 Linear 
correlation 
coefficients -0.970 -0.972 -0.974 -0.979 

Product concentration was approximately 1 ml/l of liquid detergent. 
 
Table 13.  Impact of dissolved organic matter (DOM) in Sediment Extract on 
Fluorometric Intensity (a.u.) of ALL Product in Solution 
 
Relative 
Concentration 
of Sed iment 
Extract  

414 
nm 

432 
nm 

457 
nm 

504 
nm 732 nm 

1.00 979.9 1000 826.7 211.8 237.7 
0.75 1000 1000 889.2 225.8 194.3 
0.50 1000 1000 897.6 228.2 154.7 
0.25 1000 1000 963.1 237.6 98.8 
0.13 1000 1000 992.6 246.0 71.2 
0.00 1000 1000 1000 249.6 30.2 

Linear Correlation 
Coefficient     -0.983 -0.984 +0.994 

Sediment extract was prepared by suspending 25 g of sediment collected from the Saluda 
Arm of Lake Greenwood into 300 ml of deionized water, settling and centrifuging 
supernatant to remove suspended solids. 
 
Product concentration was approximately 1ml/l of liquid detergent.
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Table 14.  Difference over 2 Hour Experimental Period between Initial and Final 
Fluorometric Intensity (a.u.) in Photodegradation Experiment. ALL Product added at . 
 
Relative 
Concentration 
of Sediment 
Extract 

 

414 
nm 432 nm 457 nm 504 nm 732 nm 

1 Covered 26.4 0 35.8 6.2 -30.2 
0.5 Covered 0 0 11 6.9 -33.4 

0.25 Covered 0 0 35 7.1 -26.8 
0 Covered 0 0 0 3.3 -16.3 

             
1 Exposed 526.5 507.9 443 110.9 -68.4 

0.5 Exposed 697.9 343 577.8 141.1 -58.7 
0.25 Exposed 733.4 743.5 615.6 150 -41.6 

0 Exposed 757.1 765.5 602.4 144.5 -23.1 
Negative numbers indicate an increase in intensity 
Product concentration was approximately 1 ml/l of the liquid detergent
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